Behavioral states and state related heart rate and motor activity patterns in the newborn infant and the fetus antepartum -A comparative study. L Technique, Illustration of recordings, and general results
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Department of Obstetrics and Gynecology, University of Würzburg, Germany Numerous proposals for ante partum assessment of fetal wellbeing have been published in the past years and recently special attention has been directed towards refined methodsof FHRevaluation äs well äs methods of fetal movement count [8-11, 13, 14, 17, 23,24,26-29,32,39,41-47,49,51, 54, 55, 59 ]. Unfortunately in these publications possible influences of spontaneous changes of central nervous coordination on FHR and fetal motor activity have not been taken into account.
The existence of spontaneous changes in CNS co-. ordination, i.e. the existence of behavioral states or states of "sleep" and "wakefulness" in the fetus has been postulated for some time [14, 18, 60] . But there are some reasons why we do not have precise knowledge about the relation between behavioral states in the human fetus and state specific FHR and motor activity patterns. First of all fetal state behavior cannot be assessed by direct observation. Therefore indirect methods have to be applied in this research field. Drawbacks of animal experiments on this topic [3, 4, 21, 25, 40] are differences in species cerebral maturation and species specific heart rate pattern. Another indirect method would be to compare state specific heart rate and motor activity patterns of healthy human newborn infants with patterns seen in the unstressed fetus. Neuropediatricianshave accumulated avast amount of knowledge about state behavior in the newborn infant by combination of direct observation of the infant and polygraphic recording of a set of parameters including EEG, BOG, EMG, respiration and heart rate [5, 6, 12, 19, 30, 31, 33-35, 37, 37a, 48, 50,52, 53,62] .
According to PRECHTL [19, 35] [19] .
In several publications state related changes of the newborn infant's heart rate pattern have been demonstrated, but neuropediatricians usually evaluate heart rate [36,37,37a, 57 , 58] on a beatto-beat-interval basis and statistic data presented are measures of location and dispersion of beat-tobeat-interval histograms or measures of time series 0300-5577/79/0007-0085502.00
analyses. In only one publication spectra for heart rate variability in cycles per min are demonstrated [16] . Contrary to that obstetricians evaluate FHR in respect to baseline level, amplitude and frequency of macrofluctuation and deviations from baseline, i.e. accelerations and decelerations. Therefore typical state related heart rate patterns in the newborn infant have to be reanalysed in respect to baseline level s well s amplitude and frequency of macrofluctuation and deviations. A comparative search for identical heart ratepatterns in the human fetus, if successful, would prove the influence of CNS function on FHR pattern and this would improve our knowledge for correct Interpretation of FHR patterns.
l Material and methods
18 patients were selected for this evaluation (see Tab. I). Six patients were hospitalized because of mild HEP-syndrome (in all of them at the time of FHR recording Symptoms were restituted to normal after bed rest and in some of them after medication of diuretics for some days). Nine Tab. I. Patient data patients were postterm, being 41/4 to 42/5 weeks of gestation. One had history of caesarean section, in one there was suspicion of cervical incompetence. In two anencephaly had been diagnosed, and bothfetuses died duringparturition.
In one of our earlier studies on postmaturity we had seen, that statistical relevant effects of postmaturity (i.e. signs of fetal distress), if any, could only be seen in patients more than one week overdue. We again subdivided according to this borderline. The 16 babies of our selected patients served s control group for neonatal heart rate recording. As to these infants no special events have to be reported except that in 5 infants intermittent hyperbilirubinemia occurred. In 4 of these bilirubin was back to normal at the time of recording, in one (008) it was still persistent and light therapy was applied.One baby ( l7)was slightly premature.
l.l Recording procedure
For the time of FHR recording patients were kept in bed. They were allowed to lay either side or, for J.Perinat. Med. 7(1979) shorter periods, on their back. Positions were noted on the strip chart. Instantaneous fetal heart rate, derived from abdominal fetal ECG and the external tocogram were recorded on HEWLETT-PACKARD 8021 A cardiotocograph strip chart with l cm/min time base. Fetal motor activity was recorded by the patient marking every fetal movement she feit with a push button causing a l volt spike from a battery box. FECG, a heart beat synchronous pulse, fetal heart rate, tocogram and fetal movements were recorded on analog tape (AMPEX PR 2200). Recording lasted 8 hours, beginning in the morning and ending in the afternoon. At least 4 days after parturition, when adaptation to extrauterine life had led to central nervous and cardiovascular homoiostasis and when the influence of intrapartum medication was eliminated the same individuae, now newborn infants, were observed for assessment of newborn infant state behavior and state related heart rate and motor activity patterns. Electrodes were attached to the ehest for recording of instantaneous heart rate via ECG andrespirationvia impedance pneumography. The babies were swaddled comfortiy and transfered into an incubator to assure constant environmental conditions with temperature at 30° to 32 °C and humidity at 55%. Again electrodes were connected to a HEWLETT-PACKARD 8021 A cardiotocograph for recording of heart rate in the same way äs in the fetus and they were connected to an impedance pneumograph (HELLIGE). ECG, a heart beat synchronous pulse, heart rate and respiration again were recorded on analog tape (AMPEX PR 2200) too. The recording procedure, was begun after feeding in the evening and ended in the early morning, again lasting 8 hours. In all newborn except 001 during the whole time close observation and protocol of the newborn's behavioral states and all interesting events was performed along with the recording.
Analysis
After each recording procedure compressed strip chart records of heart rate, movement marks and tocogram (fetus) or heart rate and respiration (newborn) were generated by play back from tape. Secondly all analog recordings of heart rate were digitized with 2 Hz sample rate and data of sequential segments of l min (= 480 Segments per recording) were analysed in respect to baseline level äs well äs amplitude and frequency of macrofluctuation. This was done according to quantification methods developed by the author [12] . The Computer program (hp BASIC) for automatic control of l minsegment-by-segment play back from tape via SYSTRON DONNER Model 8140 Tape Search Unit, digitizing (INTERTECHNIQUE Model Physiosope) and Computing of baseline level, amplitude and frequency of macrocluctuation (HEWLETT-PACKARD Model 9830 A Minicomputer) had been written by the author. (Because of restriction in hard wäre power the author's program did not automaticaliy define and sort out deviations from baseiine level, i.e. acceierations and decelerations). Output of data was done in the form of tables (HEWLETT-PACKARD 9866 Printer) and sequential histogram plots (HEWLETT-PACKARD 9862 Plotter). Output data were stored on tape casette for further statistical analysis äs well. The latter was performed on the 9830 A Computer with HEWLETT-PACKARD Standard statistical programs, whose input-output files in some cases were modified to allow direct, i.e. faster interprogram I/O Operation. Combined evaluation of original äs well äs compressed strip chart records of the newborn infants' heart rate and respiration in connection with the protocols of direct observation of state behavior and motor activity allowed Identification of NREM-sleep, REM-sleep and wakefulness and definition of state related patterns of heart rate. (The states of wakefulness were not evaluated in detail because discrimation between these states is dubious in the fetus for obvious reasons). Statistical analysis of state related differences in baseline level äs well asamplitudeandfrequencyofmacrofluctuation supported our definitions. (Statistics were performed on the HEWLETT-PACKARD Model 9830 A Minicomputer with the One Sample Nonparametric Program of the HEWLETT-PACKARD Statistics Library). After we had learned to identify states in our recordings of newborn infants by visual analysis and by statistical evaluation of heart rate, the same procedure was applied to FHR recordings and we were able to identify FHR segments, that were characteristic and compaiable to newborn heart rate in NREM-sleep, REM-sleep and wakefulness. Definition of states according to typical heart rate patterns in the fetus was supported by taking into account fetal movement marks too. Top: Compressed writeout of 8 hour recording of heart rate and respiration together with state scoring from observational notes.
In the compressed record well defined changes of heart rate and respiration coincide with changes in observational state scoring. Changes between NREM-sleep and REM-sleep occur in a fairly regulär sequence, although sometimes a transition from REM-sleep seems to be going on but is not followed by NREM-sleep at last (-22.25 h) . Gross body movements demonstrate some of our recordings here. The deceleration pattems are synchronous with startles, main aim of this work was to search for state a phenomenon that has been described by neurobehavior and state related heart rate patterns in pediatricians in detaü [11, 35] . During REM-sleep the human fetus on the basis of comparison and it is more difficult to define baseline visually, analogy. This can be done more easily, when both because overall baseline is less stable. During state fetal and newborn heart rate tracings are recorded 4 and state 5 heart rate is grossly altered. During with the same recording machine, i.e. when tracings wakefulness with gross body movements accelerare identical in respect to time base and amplific-ations of large amplitude, synchronous with motor ation. Moreover, because results will be most inter-activity, are repetitive and often merging so that esting and important for the obstetrician, äs they heart rate rises abruptly and the high level can will aid him in correct visual analysis and inter-often be taken äs a sequence of peaks of these pretation of FHR recording, both fetal and new-repetitive and merging accelerations with their born heart rate tracings were recorded with the interspersed downward and upward slopes. In the HEWLETT-PACKARD cardiotocograph, a machine vigorously crying infant a marked and more or less used in many obstetric departments.
straightlined tachycardia is present. In our opinion For a detailed demonstration of all peculiarities of this elevated heart rate should not be taken äs some patterns, copies from original recordings may "baseline" in strict sense. be less suitable. In that case the technique of play-Changes in the pattern of macrofluctuation related back from tape and writeout of compressed or to sleep state changes can be seen clearly. From extended records is of great advantage. When app-the original heart rate writeout at l cm/min shown lying this method the illustrating effect is enhanced below the compressed records it can be seen that by adding corresponding Segments of the original in general the macrofluctuation pattern in NREMrecord for comparison.
sleep is of lower amplitude (in beats per min) and From the compressed records in Fig. l a cyclic higher frequency (in cycles per min) compared to change of pattern in heart rate and respiration can the macrofluctuation pattern in REM-sleep. Besides be seen. As evaluated from the observational notes a higher amplitude and a slightly lower frequency these changes are synchronous with changes in the in REM-sleep there is more Variation in both and newborn infant's state.
identifying small accelerations within this pattern First of all from the compressed records äs well äs is difficult unless an obvious state 2/4 occurs, i.e., from the original strip charts it can be seen that when interspersed gross movements of body and/ during NREM-sleep baseline in general is stable or or limbs give rise to accelerations with quite large slowlylowering. Small accelerations oracceleration-amplitude and duration. The heart rate pattern during REM-sleep (state 2/4) are marked by upstrokes in the state scoring. Periods of wakefulness occur about midnight and in the early morning, when the baby is fed and swaddled. Center: 4 Segments of original heart rate writeout (HEWLETT-PACKARD machine at l cm/min speed), each of 45 min duration. In the first segment at the left a NREM-sleep heart rate pattern is seen. One startle, marked by an arrow occurs. At 21.45 h a change to pure REM-sleep pattern occurs, gross body movements and with that accelerations of larger amplitude are absent. The second segment again Starts with a NREM-sleep pattern. Three minutes later REM-sleep begins. Body movements are noted and with them accelerations can be seen. 2 min before midnight the baby wakes up and it Starts crying almost immediately. Heart rate rises and the pattern can be taken äs a sequence of peaks of repetitive and merging accelerations with their interspersed downward and upward slopes. Sometimes between accelerations heart rate goes down to normal baseline level for short periods. The third segment Starts with a transition from REM-to NREM-sleep and during the following NREM-sleep pattern 4 small accelerations synchronous with startles are marked by arrows. Immediately after the last marked startle a change to REM-sleep pattern occurs. The first half of the last segment shows a REM-sleep pattern with interspersed accelerations synchronous with body movements (state 2/4). This is followed by wakefulness again. during state 4 and state 5, consisting of repetitive or merging accelerations to our opinion should not be taken äs macrofluctuation. Macrofluctuation during states 4 or 5 can only be identified, when between accelerations heart rate goes down to the normal baseline level for short periods. Alterations of these typical macrofluctuation patterns in the newborn infant's heart rate may be caused by additional influences such äs periodic respiration or respiratory arrhythmia. (These alterations of macrofluctuation pattern together with identical macrofluctuation patterns seen in FHR recordings will be presented in a separate publication). data are in good agreement with data cited from literature.
Evaluation of motor activity in the newborn infant in respect to sleep state
Close observation of the newborn infants during 8 hours recordings revealed a striking difference in motor activity during different states. During NREM-sleep, motor activity generally is absent except for the occurrence of startles, fully or abortive, single or sometimes repetitive. Gross movements in NREM-sleep with larger accelerations are very rare. During REM-sleep motor activity is enhanced. Small muscular twitches do not alter the typical heart rate pattern of a pure REM-sleep but besides these small twitches single or sequences of gross movements of limbs and even trunk do occur. This has led to the definition of state 2/4 in literature [19, 35] , Synchronous to these movements accelerations of heart rate can be seen and, äs there is a wide ränge äs to the amount and pattern of movements there is a wide ränge of acceleration patterns in respect to amplitude, duration and frequency. The ratio of movement counts per duration of NREM-and REM-states was .129 and .391 respectively. The difference is statisticaUy significant: motor activity is 3 X higher in REM-sleep compared to NREM-sleep.
Evaluation of fetal state behavior
As has been said in our introduction fetal state behavior cannot be assessed by direct observation. Our approach to solve the problem must be indirect and it is based on the assumption that comparable neonatal and fetal heart rate and motor activity patterns are related to comparable states in the newborn infant and the fetus. To prove that comparable heart rate patterns do exist in the neonate and in the fetus, first of all some examples of our FHR recordings will be presented here. Secondly general results of comparing neonatal heart rate and FHR patterns will be presented. A presentation of our Computer analysis in respect to heart rate patterns will be published elsewhere [22] . In the FHR recording a regulär change in macrofluctuation pattern can be seen clearly. The low amplitude macrofluctuation pattern corresponds to a heart rate pattern seen in the newborn infant during NREM-sleep and the pattern with higher amplitude and accelerations corresponds to a heart rate pattern seen in the newborn during REM-sleep (state 2/4). Thus identical or comparable states may be assumed in the fetus. Movement marks are state related: they are seen in REM-sleep and are absent (or rare) in NREM-sleep. A FHR pattern corresponding to a newborn heart rate pattern during wakefulness is not seen in this case. In Tab. IV total and relative times spent in assumed NREM-sleep, REM-sleep and "wakefulness" are given for the fetuses of group A. It can be seen that in 97.6% of total recording time (10 X 8 hours minus 19 min) FHR showed a pattern identical to the newborn NREM-or REM-sleep heart rate pattern. In 26.3% of total "sleeping time" a NREM-sleep heart rate pattern was found. A pattern corresponding to wakefulness in the neonate was seen in only 1.2% of total recording time. In l case a severe deceleration with consecutive reactive FHR alteration occurred when the patient sät up in bed to empty her bladder.
Fetal heart rate patterns and assumed related state behavior illustrated

The postterm fetus (group B)
A striking difference in the overall distribution of states in 8 hour recordings was found comparing group A and B (see Tab, V). A heart rate pattern corresponding to neonatal wakefulness occurred Thus in l'6.1% of total recording time a "sleeping" FHR pattern was seen and in 29.7% of "sleeping time" a NREM-sleep FHR pattern was identified. Thus state distribution in group B was found to be nearly identical to state distribution in the neonate. In 2 cases severe decelerations with consecutive FHR alterations occurred.
Duration of sleep cycles and ratio of NREMand REM-periods within sleep cycles
Despite the striking difference between group Aand group B-fetuses in respect to the ratio Qf "sleep and wakefulness" no significant difference was found for both groups in respect to dunr&on of sleep cycles and relative fractions of assumed NREM-sleep and REM-sleep within sleep cycles. Because of this fact data were pooled. According to Tab. VI mean duration of sleep cycles was 76.6 min, mean duration of NREM-periods within cycles was 20.4 min (26.6% of total duration of cycle) and mean duration of REM-periods within cycles was 56.6 min. Compared to values given above for the newborn infants, mean duration of sleep cycles and mean duration of NREM-and REM-sleep were slightly longer but values did not differ statistically.
Evaluation of fetal motor activity
Visual evaluation of our recording gave rise to the impression that in the group of postterm fetuses definitely more movement marks occurred compared to the fetuses near term. Our impression was, that the higher percentage of "wakefulness" within total recording time, which in some cases was accompanied by an abundant motor activity, was not the only reason and that motor activity was raised during "sleep" of postterm fetuses too. Therefore analysis was döne in both respects. Because of the unequal distributions of times spend in all states the ratio of movement counts per duration of states again is used for comparison.
Comparison of motor activity in 8 hour recordings in fetuses of group A and group B
The ratio of total movement counts per total recording time gives a relative measure of general motor activity for intergroup comparison. For group A a ratio of .230 and for group B a ratio of .448 was calculated. This means that there was about 2 X more general motor activity in the postterm fetuses.
Comparison of sleep state related motor activity in fetuses of group A and group B
In 1.4 it was demonstrated that motor activity of the newborn infant is not evenly distributed in respect to NREM-and REM-sleep. This holds true for motor activity in the fetus äs well, but whereas in the fetus near term (group A) ratios differ by a factor of 10 (0.29 and .297), in the postterm fetus the difference is less (.124 and .395) and values are somewhat similar to those in the newborn in-fants. Infact, motor activity is enhanced about red. The pattern seen thrp f ughout recordings was threefold in NREM-sleep of postterm fetuses similar to a REM-sleep or a transitional pattern, compared to fetuses near term. Heart rate control on the whole seemed to be less stable.
Anencephaly
During the course of our investigations 2 cases of 4 Discussion anencephaly, 23 and 36 weeks of gestation, were ^ General considerations admitted to the ward and 8 hour recordings were done in both prior to termination of pregnancy. FHR analysis is a main diagnostic tool for the From Fig. 5 it can be seen that no distinct periodic perinatologist. In our opinion research in the field changes in FHR pattern and motor activity occur-of FHR analysis in the past years has been directed In doing so one should Start to verify and investigate precisely factors, which according to our present knowledge seem to be of major importance and one of them is, to our mind, central nervous function. The fact that according to literature state related changes of newborn heart rate pattern do occur and the fact that fundamental differences in CNS function in the mature fetus near term and in the newborn infant may not be assumed were the basis for our comparative investigation of fetal and neonatal heart rate patterns and their concomitant states of CNS function.
Comments on results
Presuming that identical heart rate patterns in the newborn infant and in the fetus derive.from identical or at least Because fetal movements generally were associated with accelerations FHR pattern during sleep states was modified äs well. Contrary to that duration of sleep cycles and ratio of NREM-and REM-sleep were not altered significantly. At present we do not have a precise explanation for these findings of enhanced motor activity in postmaturity and it is in contrast to results of others [7, 46] . Whereas in one of the two cases with suspicion of beginning fetal distress (016) no alterations from the FHR pattern described above could be seen during the 8 hour recordings (except a deceleration when the patient sät up to empty her bladder, which was seen in case 11 of group A too), in the other case (009) during sleep states macrofluctuation amplitude was minimal. Still, even in this fetus a state of "wakefulness" of nearly 2 hours duration occurred and Overall motor activity was raised. The 2 cases of anencephaly were included in our • investigation, because we excepted further insight in the relation of CNS function and FHR pattern. Contrary to an earlier publication [15] in which complete loss of macrofluctuation was found in anencephaly, 8 hour recordings in these 2 anencephalic fetuses showed macrofluctuation throughout • Mhe recordings but no distinct periodic changes of FHR and motor activity. The macrofluctuation pattern seen was similar to a REM pattern. It has been stated that NREM-sleep is the state with the strongest homoiostatic control and that infants with CNS lesions are frequently not able to achieve this stable state or to continue it over more than a few minutes [48] . This Statement would be supported by our finding. Still one has to have in mind, that these 2 fetuses were 23 and 36 weeks of gestation and that absence of NREM-sleep may be an effect of cerebral immaturity too. On the other hand at least in the beginning of fetal distress seemingly normal FHR patterns with enhanced motor activity occur prior and after periods of defmitely suspect macrofluctuation (see case 009) and a false diagnosis of fetal wellbeing may result from a 30 min routine FHR recording, when it does not include the period of suspect macrofluctuation pattern.
Consequences for clinical routine FHR monitoring
Therefore the presently recommended 30 min duration for ante partum FHR recording may be too short for safe discrimination of a normal NREM-sleep FHR recording and a FHR recording indicating hypoxia. General results of antepartum detection of hypoxia presumably will be better if at least one complete sleep cycle of NREM-sleep and REM-sleep is recörded in a Session of at least l hour duration.
The same holds true for fetal movement counting: because movements are rare to absentduringNREMsleep in a healthy fetus fetal movement counting should always be done simultaneously with FHR recording, and fetal state behavior, according to macrofluctuation pattern, should be taken into account. At present we do not know why fetal motor activity was found to be enhanced in our group of postmature fetuses and if diminution would have occurred later with hypoxia. This at least could not be noticed in the 2 fetuses (009, 016) suspect of being slightly hypoxic at the time of recording. In this respect our results are not in agreement with publications reporting diminution and/or cessation of fetal movements in the fetus in danger and further investigations are necessary. In our opinion simultaneous recording of FHR, fetal respiration and fetal movements, similar to polygraphic recording in the newborn may result in a much better insight into fetal central nerv'öus control and its impairment by hypoxia.
We therefore have to develop methods of fetal polygraphy, practicable for clinical routine of fetal intensive care.
Summary
In order to investigate the influence of spontaneous changes of CNS activity on ante partum FHR and fetal motor activity state specific heart rate and motor activity patterns of newborn in fan t s were compared with patterns seen in the fetus. Instantaneous FHR derived from abdominal FECG, the external tocogram and fetal movements äs indicated by the mother via push button were recorded continuously for 8 hours on strip chait and analog tape. At least 4 days after parturition the same individuae, now newborn (except 2 anencephaiy, who died during parturition) were observed for assessment of newborn infant state behavior. Heart rate and respiration again were recorded for 8 hours continuously and during the whole time close observation and protocoi of the newborns states and all interesting events was performed.
Visual evaluation and Computer analysis of recordings revealed that in the newborn infant state related heart rate pattern changes do occur and that identical heart rate patterns and their changes can be seen in the fetus too. Definition of states according to typical and comparable heart rate patterns in the newborn and in the fetus was supported by taking into account newborn and fetal motor activity patterns.
Results
l. l Newborn infant:
Our results with respect to the distribution of sleep and wakefulness äs well äs with respect to duration of sleep cycles and the distribution of NREM-sleep and REMsleep within sleep cycles äs defined from observational notes and recording of heart rate and respiration are in good agreement with literature data: In 76.9% of total recording time the babies were asleep and 26.6% of total sleeping time was defined äs NREM-sleep. From our recordings a mean duration for a sleep cycle of 61.9 min, a mean duration for a REM-period of 43.2 min was calculated. Motor activity was rare in NREM-sleep (startles), but more frequent in REM-sleep (state 2/4). Mean ratios of movement counts per state duration were .129 and .391 respectively.
Fetus
Ante partum recordings were divided in 2 groups. Fetuses less than l week postterm were affiliated to group A. Fetuses more than l week postterm were affiliated to group B.
1.3 Overall distribution of state duration in 8 hour recordings.
Group A
In 97.6% of total recording time FHR showed a pattern identical to the newborn NREM-sleep or REM-sleep heart rate patterns. In 26.3% of total "sleeping time" (which is total time of NREM-and REM-pattern) a NREM-sleep FHR pattern was found. A pattern corresponding to wakefulness in the neonate was seen in only 1.2% of total recording time.
Group B
A striking difference in the overall distribution of states was found in group B. Relative duration of FHR pattern comparable to the newborn heart rate pattern of wakefulness increased to 21.5% and relative duration of REMsleep pattern decreased to 53.4% The realtive duration of NREM-sleep pattern remained constant.
2 Duration of sleep cycles and ratio of NREM-and REM-periods within sleep cycles
Despite the above mentioned differences in group A and group B fetuses the duration of sleep cycles and the ratio of NREM-and REM-periods in both groups did not differ significantly. Because of this fact data were pooled and mean duration of sleep cycles was 76.6 min, mean duration of NREM-periods within sleep cycle was 20.4 min (= 26.6% of total duration of sleep cycles) and mean duration of REM-periods was 56.6 min. Compared to values given above for the newborn infants, mean duration of sleep cycles and periods of NREM-and REM-sleep were slightly longer but values did not differ statistically.
Evaluation of fetal motor activity
Total movement counts per total recording time were .230 and .448 respectively for group A and group B fetuses. This means that there is more general motor activity in the postterm fetuses. Calculation of NREM-sleep related motor activity in fetuses of group A and group B again demonstrates that there is less motor activity during NREM-sleep compared to REM-sleep. But whereas in group A the ratios of movement counts per state duration differ by a factor of 10 (.029 and .297 respectively), in the postterm fetus the difference is less (.124 and .359 respectively) and values are somewhat similar to those of the newborn infants.
Fetal distress
In two fetuses of group B suspicion of beginning fetal distress arose from routine clinical ante partum monitoring prior to our recording. In one of them no alterations from the FHR pattern described above could be seen, but in the other fetus during sleep states macrofluctuation amplitude was minimal. Still, even in this fetus a state of "wakefulness" of nearly 2 hours duration occurred and overall motor activity was raised.
Anencephaiy
In two cases of anencephaiy no distinct periodic changes in FHR pattern and motor activity occurred. The pattern seen throughout the recording was similar to a REM-sleep or transitional pattern. Heart rate control on the whole seemed to be less stable.
Clinical consequences
Presuming that identical heart rate patterns in the newborn infant and the fetus derive from identical or at least 
Resultats
Nouveaux-nes
Nos resultats relatifs ä la repartition temporelle des etats de comportement, c.a.d. au sommeil et ä l'eveil, relatifs ä la duree des cycles de sommeil et relatifs ä la repartition temporelle du sommeil et relatif s äla repartition temporelle du sommeil NREM et REM ä l'interieur des cycles de sommeil concordent bien avec les donnees relevees en litterature. On a enregistre un etat de sommeil dans 76,9% de la periode totale d'observation, et 26,6% de la periode totale de sommeil ont ete definis comme sommeil NREM. La duree moyenne du cycle de sommeil a ete de 61,9 min., la duree moyenne du sommeil NREM a l'interieur du cycle de sommeil) et la duree moyenne du sommeil REM de 43,2min. Dans le sommeil NREM on a pu observer une legere activite motrice (Startles) qui a a peu pres triple d'intensite dans le sommeil REM: Le quotient du nombre des mouvements foetaux par duree de sommeil NREM et REM s'est Chiffre respectivement a .129 et .391.
Foetus
Les enregistrements avant l'accouchement ont ete repartis en deux groupes. Les foetus avec une duree de grossesse < 42 semaines ont 6te reunis dans un groupe A et les foetus avec une duree de grossesse > 42 semaines dans un groupe B.
Repartition temporelle des etats de comportement
Groupe A
Dans les foetus du groupe A on a releve dans 97,6% de la periode totale d'observation un echantillon de rythme cardiaque qui a correspondu ä l'echantillon de rythme cardiaque chez le nouveau-ne dans le sommeil NREM ou REM. Dans 26,3% de ce «temps de sommeil» total on a pu observer un echantillon de rythme cardiaque qui a correspondu au sommeil NREM. Un echantillon de rythme cardiaque, tel qu'on le voit chez le nouveau-ne en eveil, n'a pu etre observe que dans 1,2% de la periode totale d'observation.
Groupe B
En comparaison avec le groupe A, on a observe une tres grosse difference dans la repartition des echantillons de rythme cardiaque, releve chez le nouveau-ne en eveil, s'est manifeste dans 21,5% de la duree totale d'observation, la part de l'echantillon typique pour le sommeil REM du nouveau-ne s'est elevee ä 53,4%. La part de l'echantillon typique pour le sommeil NREM est restee inchangee en comparaison avec le groupe A. 
